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(57) Abstract 



A high-voltage generator circuit produces a high voltage that is employed in the operation of an electrically-erasable, programmable 
read only memory. The circuit is described for MOS implementation as an on chip construction. A charge pump composed of a plurality of 
stages is driven by a plural-phase-clock-signal operated from a four-phase clock-signal generator which has a frequency determined by an 
input current A comparator ^ having an output current that is related to a differential input displays a truncated response; the output current 
is zero for zero differential input and a m a x i m u m output current when the noninverting input potential substantially exceeds the inverting 
input potential. The noninverting input is coupled to a reference potential and the inverting input is coupled to receive a controlled fraction 
of the high voltage produced by the charge pump. At start-up, the high voltage is zero and the comparator applies a maximum current to 
the clock generator which thereby operates at maximum frequency and minimizes startup time. After start-up, the clock frequency will be 
proportional to the current drawn from the high- voltage generator circuit 
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CONSTANT HIGH VOLTAGE GENERATOR 
Background of the Invention 
The invention broadly relates to electrically 
erasable programmable read only memory (EEPROM) devioes. It 
5 specifically is directed to the V pp high voltage generator 
employed for such devioes. V pp is typically about 15 volts 
produced by a charge pump in an on-chip integrated cirouit 
configuration. A charge pump is ordinarily employed to boost 
the typically 3- or 5-volt operating supply to the desired 
10 value. Desirably, the charge pump and other chip circuits 
should be operative down to about a 2 volt supply level and 
be capable of producing the 15 volt V pp . 

This invention makes use of a copending patent 

application, serial no. 08/070.614 * filed 02 .Tung r 

15 1993 , titled SELF-TIMING FOUR-PHASE CLOCK GENERATOR. This 

application is directed to a clock generator having four phases 
that are employed to drive a charge-pump high-voltage generator. 
The clock frequency is directly proportional to an input current. 
The teaching in this application is incorporared herein by 
20 reference. 

Summary of the Invention 
It is an object of the invention to produce a 
controlled high-voltage level by means of a charge pump driven 
from a current-sensitive dock generator, 
25 It is a further objeot of the invention to pro- 

duce a frequency-controlled, high-voltage generator by means of 
a charge pump driven from a variable-frequency, current-sensi- 
tive, clock-signal generator whioh responds to a current-pro- 
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duoe a frequenoy-oontrolled, high-voltage generator by means of 
a oharge pump driven from a variable-frequency, ourrent-sensi- 
tive, olook-signal generator which responds to a current-pro- 
duoing comparator. 

5 These and other objeots are aohieved in the 

following manner. A plural-stage oharge pump is driven from a 
plural-phase olook-signal generator which produoes a oloak fre- 
quency that is proportional to an input current. The high 
voltage is applied to a voltage divider, the output of which is 
10 connected to the inverting input of a comparator having an out- 
put current proportional to the differential input. The non- 
inverting oomparator input is oonnected to a band-gap referenoe 
potential souroe whioh provides a stable, temperature- and 
supply-voltage independent referenoe voltage. At startup, when 
15 V pp is zero, the oomparator output current will saturate at 
its highest value because of the large difference in input 
voltages. The clock oscillator will be driven to its highest 
frequency as a result. Since a oharge pump will develop an 
elevated output after a number of olook cycles, its output will 
20 quickly rise. When V pp has risen to its desired value and the 
voltage-divider output has risen to equal the band-gap referenoe 
potential, the comparator output ourrent will go to zero and the 
clock will stop. As long as V pp i s at its desired value, the 
oomparator output will remain at zero. However, when ourrent is 
25 drawn from V pp , the V pp level will begin to fall and the 
oomparator will produoe an output ourrent so that the olook 
generator will produoe a clook signal. The olook frequenoy will 
be adjusted by the feedback oirouit so that the oharge pump will 
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replenish the dro D in v a 

P ^ V PP dUe to cur ^t drain. Thus, the 
oharge-pump frequency will k 6 nn , 

yueuoy win be oontrolled so thah t-h~ ^ • 

,.„„, . cnat the desired v 

x-i x. MinUined , lndependent o£ the magnitude o£ ^ PP 

5 Brief Description of the Drawing 

Figure 1 is a blook diagram of the o 
voltage-regulator circuit. PP 

Fi9Ure 2 " 3 Sh ° Wi ^ the truncated response 

of the voltage comparator. 

10 . Fi9UCe 3 iS 3 9 ^ h Sho -"o the waveforms for a 

four-phase clock signal. 

eleven, 4 " ' ^""^ " * 

* suitahle for Jf J " 3 * 3 ~ 

r use m the figure 1 block diagram. 

Description of Hie_lnvention 

ref6ren0e t0 fi9Ure Whi ° h iS 3 «- 
- of a V pp voltage generator> fche 

terminal 10. Capacitor 16 is the v ► 
,« ..... PP out P ut voltage supply 

20 T - ^ «• — d * a charge pump 

IT „iu he desert in _ detaI1 subs _ ntiy _ - 

divider, composed of resistors 12 and i , „ „ 

faction of V „ node 14 7 ' * ~ d 

» ahout V12 . 5 . This £raoUon u ^ ^ ^ 

-put o £ comparator „ „ hioh provides . ^^.^ 
as shown by 0U rre„t sou „ e ft ^ ^.^^ j? 

» connected to the concerting input of oon , parator M> 

Comparator 15 applies a ourrent i„ , , 

ourrent to a four-phase olook generator 



WO 95/00953 



6 



PCT/US94/06022 



capacitance. Transistor 30 is one of the bucket-brigade capaci- 
tances that contributes charge to be V pp output current. 
Transistor 29 serves only to aid the charging of the gate of 
transistor 27- 

The second pump element, which receives clocks 
A and D, is composed of N channel transistors 31 and 32. N 
channel depletion transistors 33 and 34 have their source and 
drain electrodes shorted together so that they too function as 
capacitors. Transistor 34 is made larger than transistor 33 
by a factor in excess of about 40 so that it provides a propor- 
tionately larger capacitance. 

As can be seen from figure 3, clocks B and D 
are alternately high so that transistors 27 and 31 are 
alternately turned on. Transistor 27 will charge capacitor 
30 during the time interval when clock C is low. It will be 
noted that when clock C is initially driven low, node 22 is 
pulled down thereby turning transistor 28 off. Thus, capacitor 
30 will charge. Then, when clock C goes high, node 22 will 
rise and turn transistor 28 on, so that the gate of transistor 
27 is connected to its drain. In this state, transistor 27 
will be unilaterally conductive so that capacitor 30 cannot 
discharge through transistor 27. This action traps the charge 
on capacitor 30. After a sufficient number of clock cycles, 
node 22 will rise and approach a level of about the potential 
at terminal 20 plus a substantial portion of the peak voltage 
of clock C. 

After capacitor 30 has been incrementally 
charged, clock D will go high and capacitor 33 will couple 



WO 95/00953 PCT/US94/06022 



the pulse to transistor 31 so as to turn it on. This occurs 
after clock A goes low so as to pull terminal 21 low, thereby 
turning transistor 32 off. During the clock D high, capacitor 
34 will charge through transistor 31 from node 22. Then, when 
5 clock A goes high, the pulse at terminal 21 will turn transistor 
32 on so that the gate of transistor 31 is returned to its drain 
thereby rendering transistor 31 unidirectionally conductive and 
the charge on capacitor 34 will be blocked. After a sufficient 
number of clock cycles, capacitor 34 will charge to a level 

10 approaching the clock A peak value above the level of node 22. 
Thus, a nearly clock peak voltage will be added to the nearly 
peak voltage at node 22. Thus, an increment of nearly two clock 
peak voltages will be developed at terminal 21. 

Clearly, a number of figure 4 stages can be 

15 cascaded so as to develop any desired output voltage. As shown 
in the block diagram of figure 5, seven such stages comprise 
block 11 of figure 1. These stages are shown being operated 
from the four clock phases from generator 18. Each of pump 
stages 36 through 42 comprise the circuit of figure 3. With 

20 this number of stages, the circuit of figure 3 can easily 
operate down to a two volt V QD level. A two volt input at 
terminal 20 needs to be multiplied only 7.5 times to achieve 
a 15 volt v pp* The seven stages shown can provide this out- 
put after a relatively few number of clock cycles. N channel 

25 transistor 43, which has its gate connected to its drain, acts 
as a one way coupling device that will pass the positive voltage 
out of pump element 42 to terminal 10. 

The invention has been described and a preferred 
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embodiment detailed- When a person skilled in the art reads the 
foregoing description, alternatives and equivalents, within the 
spirit and intent of the invention, will be apparent. Accordingly, 
it is intended that the scope of the invention be limited only by 
the claims that follow. 
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I claim: 

1. A high-voltage generator circuit for use 
with electrically erasable programmable read only memory 
systems, said circuit comprising: 

a plural-phase-clock-signal generator for 
generating clock phases in response to a current input; 

a charge pump responsive to said plural 
phase clock signal to produce said high voltage; and 

a comparator having an output current 
coupled to said clock-signal generator, a noninverting input 
coupled to a source of reference potential and an inverting 
input coupled to receive a controlled fraction of said high 
voltage whereby said circuit produces a stable operating 
condition wherein said fraction of said high voltage substan- 
tially equals said reference potential. 

2. The high voltage generator circuit of claim 

1 wherein said comparator current controls the frequency of said 
clock signal generator. 

3. The high voltage generator circuit of claim 

2 wherein said comparator has a truncated response of zero for 
the condition of equal input voltages and a substantial-value 
maximum current when said noninverting input substantially 
exceeds said inverting input. 

4. The high-voltage generator circuit of claim 

3 wherein said clock generator frequency is zero when said 
comparator noninverting and inverting inputs are at the same 
potential. 
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5. The high voltage generator circuit of clai 
4 wherein the extraction of current from said high voltage 
generator circuit acts to reduce said high voltage whereby 
unbalance of said comparator provides a current to said 
clock generator which in turn operates said charge pump 
thereby ensuring a charge pump operating freguency that is 
proportional to said extraction of current. 
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